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The large value of S17(0) = 22.1 ± 0.6 eV-b, reported by the Seattle group, suggests a larger total
8
B solar neutrino flux. Together with the two high precision values quoted for S34(0) it is either 20%
or 9% larger than measured by SNO. While the accuracy of the Standard Solar Model has recently
been revisited, precise nuclear inputs are still relevant, but a detailed examination of current data
on S17 (as opposed to an examination of S17(0) only) excludes quoting S17(0) with sufficiently small
uncertainty. In contrast to suggestions that S17(0) is now known with the (impressive) accuracy
of ±3%, the exact value of S17(0) is dependent on the choice of the data and the choice of theory
used for extrapolation. In addition recent high precision results (including the Seattle data) on S17
which are in good agreement, still differ on the measured slopes, as does the theory, precluding an
accurate extrapolation to zero energy of the consistent data. Using a common extrapolation of only
the consistent high precision data, suggests a value of S17(0) = 21.2 ± 0.5 eV-b, but a value equal to
or smaller than 19.0 eV-b can not be excluded due to the uncertainty in the extrapolation, leading
to an additional error of +0.0−3.0 eV-b. A proposal to remedy this situation is discussed.
PACS numbers: 25.20.Dc, 25.70.De, 95.30-K, 26.30.+K, 26.65.+t
The high precision measurement of neutral current in-
teractions of ”8B solar neutrinos” in the SNO detector
(with added salt) [1], yields the measured flux: φNC =
5.21 ± 0.27 (stat) ± 0.38 (syst) x 106 cm−2 sec−1, with
a precision of ±5.2% and accuracy of ±7.3%. A smaller
total 8B flux is deduced [1] with the constraint of an
undistorted 8B energy spectrum. A global analysis of all
solar experiments and KAMLAND yields the total 8B so-
lar neutrino flux with a precision of ±4% [2]. It therefore
mandates measurements of nuclear inputs to the Stan-
dard Solar Model (SSM) [3] with similar uncertainty of
5%. In this paper we address the accuracy of our knowl-
edge of the cross section for forming 8B in the sun via
the proton capture, 7Be(p, γ)8B reaction.
Several new measurements of the cross section of the
7Be(p, γ)8B reaction [5, 6, 7, 8, 9, 10, 11] were reported
after the publication by Adelberger et al. [12]. If one
adopts the value of the astrophysical cross section fac-
tor (S-factor as defined in [12]) measured by the Seattle
group [7], S17(0) = 22.1 ± 0.6 eV-b, than it increases by
16% the prediction of the SSM that assumes S17(0) =
19.0 eV-b for a total 8B neutrino flux of 5.87 x 106 cm−2
sec−1.
When adopting the high precision value of S17(0) mea-
sured by the Seattle group, the uncertainty of the pre-
dicted total 8B flux due to nuclear inputs is no longer
dominated by S17(0). Instead it is dominated by the
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two values found for S34(0) [12]. Note that each value
of S34(0) is however known with 3-4% uncertainty [12],
hence propagating to a small uncertainty of 2-3% in the
predicted total 8B neutrino flux.
The Seattle large value of S17(0) [7] together with the
larger value of S34(0) = 572 ±26 eV-b deduced from
7Be
activity measurements [12, 13] yield a predicted total 8B
neutrino flux that is 20% larger than measured by SNO.
The smaller value of S34(0) = 507 ±16 eV-b [12] reduces
the discrepancy to 9%. The quoted average value S34(0)
= 530 ±50 eV-b [12] yield a discrepancy of 13%.
The uncertainty of the predicted SSM flux arising from
other than nuclear cross section factor considerations was
quoted [3] to be essentially ±5%, smaller than the uncer-
tainty in the SNO measured flux of ±7.3%. Very recently
the accuracy of the SSM was re-evaluated [19] in view
of a re-evaluation of the (surface) chemical composition
of the sun (Z/X). It now appears that the prediction of
the 8B flux has considerably larger uncertainty (±23%),
mostly due to the unknown chemical composition of the
sun [19] and an error bar of 6% [3] increased to 20% [19].
None-the-less the need still exists for high precision (±5%
or better) measurement of S17(0), and most certainly of
S34(0), for example should one later improve the accu-
racy of our knowledge of the surface composition of the
sun. And certainly the question whether this precision
has been achieved is of interest in of itself.
In contrast to several repeated statements that S17(0)
is now known with an (impressive) accuracy of 3%, we
demonstrate that the exact value of S17(0) is dependent
on the choice of data as well as the choice of the theory
that one uses to extrapolate S17(0). This situation can
only be alleviated by new measurement(s) as we discuss
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FIG. 1: Recent measured data on S17. The resonance data
at 632 keV measured in a few experiments are not shown.
below.
The recent direct capture measurements of the
7Be(p, γ)8B reaction with 7Be targets [5, 6, 7, 8], are
shown in Fig. 1, together with the two most recent re-
sults of the Coulomb dissociation of 8B measured at the
GSI facility [9, 10]. We refer the reader to [12] for a
review of all previous measurements of the direct cap-
ture reaction and the Coulomb dissociation, as well as
other indirect measurements of S17(0) that are not rele-
vant for the current discussion. The status of the world
data on S17 shown in Fig. 1 is very unsatisfactory with
specific measured data points differing by even more than
4 sigma. Hence inclusion of all data shown in Fig. 1 for
extracting a value for S17(0) necessarily leads to wrong
conclusions.
In contrast the data of the Seattle [7], Weizmann [8],
GSI1 [9] and GSI2 [10] groups, that were measured with
high precision of the order of ±3-5%, exhibit a remark-
ably good agreement (with no data points more than 2
sigma away from the average). In sharp contrast the dis-
crepant direct capture data [5, 6] suggest large ill un-
derstood systematic differences. These direct capture
data of the Orsay [5] and Bochum groups [6] were mea-
sured with lower precision of the order of ±10%, and to-
gether with the Coulomb dissociation results of the MSU
group [11] that will be discussed below, are not consistent
with the above mentioned high precision measurements
of Seattle, Weizmann, GSI1 and GSI2 [7, 8, 9, 10]. These
discrepant data can not be included in the same global
analysis of S17(0), unless the large systematic uncertain-
ties are well understood and corrected.
The Coulomb dissociation of 8B [14] has been sug-
gested as a viable method to measure the cross section
of the 7Be(p, γ)8B reaction. After the pioneering ex-
periment of the RIKEN1 group [15] several experiments
were carried out at medium energy heavy ion facilities
[9, 10, 11, 16] using a variety of kinematical regions
and different experimental techniques. While already
the data of RIKEN1 suggest a small if not negligible E2
contribution [17] to the Coulomb dissociation of 8B, the
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FIG. 2: Extrapolated S17(0) from data on the Coulomb dis-
sociation of 8B using the theoretical calculation of Descouve-
mont and Baye [18], as discussed in the text
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FIG. 3: The normalized theoretical calculations of S17 by De-
scouvemont and Baye [18], and the potential model of Typel
[10]. The normalization factors are shown.
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FIG. 4: A Comparison of the recent Seattle(02) [7], Weiz-
mann(03) [8], and GSI [9, 10] data. An M1 contribution due
to the resonance at 632 keV is subtracted from the direct
capture data. In spite of the good agreement, the measured
slopes of the astrophysical cross section factor are sufficiently
different, see Table II, precluding an accurate (±5%) extrap-
olation to zero energy.
3MSU group claimed to have measured a large effect [11]
in the measured asymmetry, but no large E2 contribution
was observed in the angular correlation data of GSI [10].
In Fig. 2 we show the extracted S17(0) from Coulomb
dissociation data, where the theoretical extrapolation
curve used is from Ref. [18]. The large value for the
GSI2 result shown in Fig. 2, should not be confused
with the smaller S17(0) stated in the abstract of the pa-
per of the GSI2 group [10], where a different theoretical
extrapolation was used. Both large and small values are
quoted in the paper of the GSI2 group [10].
We note that while the RIKEN-GSI data were mea-
sured with increasingly higher precision, reaching the
precision of ±5% or better, the central value of our mea-
surements has risen over the years and stabilized just
below 21.0 eV-b, see Fig. 2, independently (and long
before) the direct capture data of the Seattle [7] and
Weizmann [8] groups were available. The smaller value
for S17(0) quoted by the MSU group [11] on the other
hand, is entirely due to their model dependent assump-
tion (and not a measurement) of large E2 contribution
to the Coulomb dissociation of 8B.
Most current global analysis of the 7Be(p, γ)8B reac-
tion concentrate on reviewing S17(0) alone and make the
implicit assumption that theoretical predictions of the
energy dependence of S17 agree at low energies, since
Nuclear Structure effects are assumed to be negligible at
low energy. In Fig. 3 we show the results of calculations
of two similar models [10, 18]. As noted in [10] where one
of the two theoretical curves is published, the two calcula-
tions exhibit a significantly different energy dependence,
in particular the predicted slopes are different.
An extrapolation of the data of the GSI group using
the calculation of Ref. [18] yields S17(0) = 20.8 eV-b, a
smaller value of 18.6 eV-b is obtained using the potential
model described in Ref. [10]. The same potential model
yields an extrapolated S17(0) = 18.1 eV-b for the Weiz-
mann data [8, 10]. Hence one must use caution when
extrapolating S17 to zero energies, or when performing a
TABLE I: Extrapolated cross section factors using the cal-
culation of Descouvemont and Baye [18]. Only recent high
precision results, S17(0) measured with an error of approxi-
mately ±5% or better, are shown, excluding the recent results
of: RIKEN2(98) (18.9 ± 1.8) [16], Orsay(01) (18.8 ± 1.7) [5]
and Bochum(01) (18.4± 1.6) [6], as discussed in the text.
Experiment S17(0) (eV-b)
GSI1(99) [9] 20.6 + 1.2 − 1.0
GSI2(03) [10] 20.8 ±1.3
GSI1 + GSI2: (20.7 ±0.9)
Seattle(02) [7] 22.1 ±0.6
Weizmann(03) [8] 21.2 ±0.7
Average: 21.2 ±0.5
global analysis of S17(0).
We emphasize that thus far available models predict
S17(0) ≈ 1.1 S17(200), hence add a 10% extrapolation
correction to S17 that is now measured with 3-5% uncer-
tainty. The confusion on the theoretical side discussed
above, makes it important to test these theoretical ex-
trapolations at very low energies.
The astrophysical cross section factor at low energies
(200-1300 keV) exhibit a linear dependence on energy,
S17(E) = S17(200) + E x S’, where S’ is the slope. The
cross section of 7Be(p, γ)8B reaction at low energies is
dominated by contributions from the s- and d- partial
waves [20, 21]. The predicted slope (S’) results from the
sum of a positive slope (approximately 10 eV-b/MeV) for
the d-wave and a slightly negative slope (approximately
-3 eV-b/MeV) for the s-wave [21]. Hence the exact value
of the predicted slope is model dependent with variation
depending on details of the model used. At very low ener-
gies (below 200 keV) a sharp rise in the s-wave contribu-
tion is predicted due to the distortion of the plane waves
by the Coulomb field. The cross section factor at zero
energies, S17(0), is directly related to the Asymptotic
Normalization Coefficient (ANC) of the wave function,
which is related to the measured spectroscopic factor.
A large(r) d-wave component to the cross section of
the 7Be(p, γ)8B increases the predicted slope, and in this
sense the situation is very reminiscent of the extrapola-
tion of the cross section of the 2H(2H, γ)4He [22], where
a dominance of one partial wave (in this case the d-wave)
was assumed by theory. Later it was shown that a very
minute effect in the Nuclear Structure of 4He, changed
the predicted extrapolated value by a factor of 32 [22].
In the case of the 2H(2H, γ)4He reaction a neglect of a
small non d-wave contribution to the theoretical extrapo-
lation, drastically altered the prediction at energies below
100 keV. In the case of the 7Be(p, γ)8B reaction a dom-
inance of one partial wave below 100 keV (in this case
the s-wave) is also calculated by most theories and this
analogy calls for extra caution in determining the d-wave
or any other non s-wave component when extrapolating
S17(0) with an accuracy of ±5% or better. A measure-
ment of the slope may in fact yield the exact contribution
of the d-wave and constraint the theory.
In view of the conflicting data shown in Fig. 1, and
in the absence of understanding (and correction) of the
systematical differences one must make a choice for data
TABLE II: Extracted slopes of S17. An M1 contribution to
the direct capture data from the 632 resonance has been sub-
tracted, see Fig. 4.
Experiment Slope (eV-b/MeV)
Seattle(02) [7] 5.1 ± 0.6
Weizmann(03) [8] 6.7 ± 1.2
GSI [9, 10] 9.5 ± 2.5
4used to deduce S17(0). Similarly one also must make a
choice for theoretical extrapolation. If we use only the
high precision and consistent data of the Seattle, Weiz-
mann, GSI1, and GSI2 [7, 8, 9, 10] with the extrapolation
procedure of Ref. [18], we quote: S17(0) = 21.2 ±0.5 eV-
b, with χ2/ν = 1.06, as shown in Table I.
However, as shown in Fig. 4, these high precision data
measured over the energy range of 200 - 1300 keV exhibit
different slopes, as listed in Table II. Note that at low
energies the Weizmann data [8] are systematically below
the Seattle data [7], by up to 2 sigma. But at higher
energies they are in agreement, indicating a systematic
difference of the measured slope as listed in Table II.
When comparing theoretical calculations to measured
data, one multiplies the calculations by a normalization
factor so as to obtain the measured absolute value of the
cross section factor, as shown in Fig. 3. In doing so one
alters the calculated slope (d-wave mixture) of the the-
ory by the same normalization factor, thus calling into
question the very use of the corrected theory for extrap-
olating to zero energy the very same data that is used to
correct the theory. Such a circular process can only be
viewed as a consistency check and not a determination of
facts. None-the-less the resulting normalized slope calcu-
lated in Ref [18] is 5.0 eV-b/MeV, note the original slope
calculated by Descouvemont and Baye is 6.8 eV-b/MeV
[18]. A more recent calculations by the same author [23]
exhibit a slightly larger slope. More importantly the new
calculations reproduce the absolute value of the cross sec-
tion and there is no need to renormalize the theoretical
curve to the data. The non-normalized slope of the new
calculations is 7.5 eV-b/Mev [23]. The normalized slope
calculated by Typel [10] is 8.3 eV-b/MeV and indeed
close to the slope of the new calculations [23]. The dis-
persion of normalized calculated slopes is similar to the
dispersion of measured slopes listed in Table II. The cur-
rent situation where one can not rule out either theory
or data and the confusion with the value of the measured
and predicted slopes (S’), is clearly unsatisfactory as it
lead to a wide spread of extrapolated S17(0) values.
For example, as discussed above, an extrapolation of
the data included in Table I with the Typel theoretical
curve yield smaller S17(0) values, as low as 18.1 eV-b [10],
see Fig. 3. Clearly the measured (as well as the calcu-
lated) slopes are sufficiently different to preclude extrap-
olating S17(0) with high accuracy (±5%), and we must
include the possible lower extrapolated value. This adds
an error of +0.0 -3.0 eV-b due to extrapolation and we
may quote:
S17(0) = 21.2 ±0.5
+0.0
−3.0 (extrap) eV-b
We conclude that a high precision measurement of the
slope of S17 extending to very low energies (below 100
keV) is needed in order to quote S17(0) with an uncer-
tainty of ±5% or better. This is a formidable task since
it requires high precision measurement of all associated
multiplicative factors that are relevant for the measure-
ment.
A high precision measurement of the slope is possible
when measuring the ratio of two cross sections which in-
volve the same experimental multiplicative factors; e.g.
the ratio of the cross section of the 7Be(p, γ)8B reaction
relative to the elastic (Coulomb) scattering cross section.
Such an experiment can be performed (only) with the use
of 7Be beams. Indeed a proposal for such an experiment
at CERN-ISOLDE [24] was considered.
Clearly in the absence of such data on the slope (S’)
and the discussion above concerning the extrapolation to
zero energy, the situation with S17(0) will remain con-
fused and S17(0) can not be quoted with the accuracy
of ±5% or better, and a down systematic uncertainty of
-15% must be included.
The author thanks John Bahcall and Pierre Descou-
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